INTRODUCTION
Scorpion stings are considered as one of the major public health problems in many developing tropical and subtropical countries. Some studies indicated that the severity of scorpion stings varies in different regions and countries due to the existing species in geographical area providing health services [1, 2] . Scorpion envenoming usually starts with local pain at the site of sting and may progress to immense clinical consequences, morbidity and mortality [3] .
The severity of scorpion envenomation symptoms varies according to scorpion type, time of sting site and age and health status [4] . Nowadays, the use of anti-venom is regarded as the best way for treating envenomed patients. Thus, some studies should be conducted to adapt new and effective ways to produce more specific and purified anti-venom for treating scorpion victims. Anti-venom is the only way to treat patients. The first anti-venom was prepared for human use by Calmette at the beginning of the Eighteen Century [5, 6] . Anti-venom caused serious reactions and was sometimes as dangerous as the venom itself [7] . In order to overcome these problems, some improvements have been made in anti-venom production [8] . The methods which are currently used by all antivenom producers, are based on heat denaturation and salting out to precipitate of specific protein with or without enzyme digestion for isolating and concentrating anti-venom antibodies. Pope and colleagues pioneered to use the salt precipitation technique [9, 10] . Antivenom is obtained from hyper immune animal serum. The whole molecule immunoglobulin G is responsible for an immune response of serum. Many researches indicated that Fc fragment lead to anaphylactic shock among patients. Thus, the manufacturer cleaves Fc fragment either through pepsin producing F (ab′) 2 anti-venom or papain creating Fab anti-venom. Based on the results, F (ab) 2 is better than Fab in neutralization and plasma distribution. Researches in Brazil showed that IgG performs more efficiently than Fab in neutralization [11] . Scientists used ammonium or sodium sulfate to precipitate immunoglobulin from immunized plasma. Although salt precipitation methods leads to high yields but contamination may occur with other proteins, such as albumin and digested Fc fragment [12] .
Finally, caprylic acid has been implemented for the precipitation of albumin and other impurities. In addition, it is generally used alone or in combination with salt precipitation in order to purify immunized plasma from both equine and ovine origins [13] . Furthermore, caprylic acid is an unsaturated fatty acid and a good precipitating agent for undesired proteins from animal plasma essentially albumin without any effect on immunoglobulin fraction [14] . Thus, producers can implement caprylic acid in the present method for a successful purification as the replacement for the old process based on precipitation with ammonium or sodium sulfate [15] . Iran is very rich in arthropods especially scorpions due to its climate and weather [16] . Iran has been known as the second country after Mexico due to the presence of more than 50 species of dangerous scorpion. Androctonus crassicauda is considered as the second medically important scorpion's distribution in Iran [17] . Therefore, this study aimed to optimize the purification process for monospecific plasma against the venom of Androctonus crassicauda venom.
EXPERIMENTAL

Anti-venom
The anticoagulated blood of five female horses was immunized with Androctonus crassicauda venom and purchased from Razi Serum and Vaccine Research Institute Ahvaz, Iran. Then, plasma was separated from blood after sedimenting blood cells without adding any preservatives and stored at 4 ºC until purification [18] . Pepsin (EC: 3.4.23.1) and chemicals were purchased from Merck Company, Germany.
Enzymatic digestion of Fc fragment
In the first stage, monovalent horse plasma was diluted against Androctonus crassicauda venom with an equal volume of 0.1 M HCl. Then, the pH of the diluted plasma was adjusted to 3.5 with 1 M HCl. Pepsin (660 mg of pepsin for each liter of plasma) was added and incubated at 37 ºC for four hours. In this step, Fc fragment of IgG was broken and separated from F (ab') 2 . Finally, in order to determine the best inhibition of enzyme activity, the solution was divided into 3 equal parts and the pH of first, second and third parts was adjusted to 4.8, 5 and 5.5 by addition 1 M NaOH, respectively.
Removal of digested proteins and impurities
Caprylic acid concentration, ammonium sulfate concentration and temperature were considered as variables of this study. The filtrate which had best pH from enzymatic digestion step, was selected for this step. Then, the temperature was brought to the specified value. In the next step, ammonium sulfate was gently added to vigorous shaking for 1 h. Thereafter, caprylic acid (octanoic acid) was added to reach the allotted concentration under vigorous stirring for 60 min. The pepsin and impurities were removed and discarded by filter paper (Whatman no. 1) and finally, the filtrate containing F (ab´) 2 fragments was collected. Further, the concentration of protein and albumin, as well as the amount of turbidity and anti-venom antibody titer were estimated and recorded. The best obtained method was compared with those of conventional method which is performed by ammonium sulfate.
Determination of protein concentration
Albumin concentration was determined by Bromocresol green method [19] . Protein concentrations were determined by Bauer method. In this technique, peptide bonds in proteins produce a violet color in the presence of alkaline copper and the intensity of color is estimated with spectrophotometer at 540 nm wavelength [20] .
Measurement of turbidity
The turbidity of each tube was estimated by spectrophotometer at 400 nm wavelength against distilled water as blank.
Quantitation of anti-venom antibody titer
The Androctonus crassicauda antibody titer was estimated by ELISA described by Van Dong et al [21] . Then, the sample dilution (shown Table 2 ) was prepared and transferred to venom coated wells then, the plate was washed. Horseradish peroxidase-conjugated anti-horse IgG diluted in PBS (50 μL/well) was added to each well and incubated for 2 h at the favorable temperature. IgG of horse was used against scorpion venom as the reference standard in all ELISA plates.
Purity evaluation
The purity of product was analyzed by vertical sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) according to Laemmli [22] using a 10 % polyacrylamide gel under non-reducing conditions. Then, all samples were used at the concentration of 500 µg/ml. Finally, the gel was stained with Coomassie Brilliant Blue R-250 (Bio-RA laboratories).
Statistical analysis
The data are presented as mean ± SD (n = 3). The significance of differences was analyzed by one-way analysis of variance (ANOVA), and, the level of significance was set at p < 0.05.
RESULTS
The inhibition of enzyme activity pH was adjusted to 4.8, 5.0 and 5.5 with 1 M NaOH for the inhibition of enzyme activity after digestion. Figure 1 illustrates the results of SDS-PAGE which obtained pH was 4.8 as the best pH for enzyme inhibition. Removed impurities and precipitated F(ab´) 2 Effect of concentration of caprylic acid and ammonium sulfate and temperature was evaluated on albumin and protein concentration, antibody titer and turbidity. The results are summarized in Table 1 .
Results showed that an increase in turbidity resulted in increasing the concentration of caprylic acid without ammonium sulfate. In addition, an increase in temperature led to a reduction in turbidity. Significant effect was not detected on opacity in the absence of caprylic acid with increasing the concentration of ammonium sulfate. In addition, the highest opacity was observed at 25 °C and 2.5 % concentration of caprylic acid. Further, a significant reduction was observed in protein concentration indicating a more effective sedimentation of proteins, combined with caprylic acid and ammonium sulfate. The highest concentration of protein was observed in 15 % ammonium sulfate and 2 % caprylic acid, along with an increasing temperature. The presence of caprylic acid decreased the concentration of albumin because caprylic acid has binding sites for albumin leading to an increase in precipitation. The highest concentration of albumin was observed at 30 °C and with 20 % ammonium sulfate without caprylic acid. Therefore, the second round of experiments was conducted through increasing the temperature and decreasing the concentration of ammonium sulfate and caprylic acid (Table 2) .
Based on the summarized results in Table 2 , better results were obtained for the treatment in 10, 14, 17 and 18 samples. Figure 2 shows SDS-PAGE of these four samples. The highest impurity precipitation and lowest protein aggregation were observed at combination of1.5 % (V / V) in caprylic acid and 10 % (W / V) of solid ammonium sulfate at 37 °C. 
DISCUSSION
Scorpion envenomation is one of most important health problems among developing countries like Iran. Anti-venoms are poly or mono-specific immunoglobulin or F (ab') 2 fractions. The production of poly-specific anti-venom is difficult and the presence of desired protein may cause serum sickness in patients. However, monospecific antibodies are produced against one venom and injectable proteins are reduced. In other words, an increase occurs in the specificity and potency of anti-venom and the product of anti-venom is devoid of contamination [1] . This study was performed to increase purity recovery and specific activity with proved method of purification of mono-specific anti-venom of Androctonus crassicauda.
Ammonium sulfate has been used for fractionation and purifying the anti-venom at final concentration of 32 % w/v for more than 100 years. In addition, it can precipitate all the immunoglobulin (IgG, IgM and IgA) from serum and leave the albumin in the supernatant. Some albumin molecules are trapped within the immunoglobulin precipitate based on the conventional method [23] . The results indicated that 4.8 was regarded as the best pH for inhibiting enzyme activity due to isoelectric pH of albumin leading to the higher removal of albumin and impure proteins. The result of the present study is consistent with those reported by Simsiriwong et al, proposed that pH < 7 was suitable for stopping enzyme activity [24] . The present study was conducted to increase purity, recovery and specific activity. This suggested method led to the purification of a higher volume of plasma for purifying mono-specific anti-venom against Androctonus crassicauda venom.
The U.S. Food and Drug Administration (FDA) and WHO have approved caprylic acid [18] . This fatty acid (caprylic acid) plays a significant role in opacity when it is used alone for removing impurities while the use of caprylic acid and ammonium sulfate together failed to produce such problems in laboratory scales. The best combination was 1.5 % caprylic acid and 10 % ammonium sulfate at 37 °C. In this study, obtained method could decrease turbidity, albumin concentration and processing time and increase yield and purity of product which are regarded as some important factors in developing countries.
CONCLUSION
The new purification technique can significantly produce anti-venom by decreasing turbidity, albumin and impurity concentration while increasing antibody titer and the purity of antivenom. Therefore, this technique is potentially suitable for commercial production and purification of anti-venom.
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